Abstract. The interpretation and application of two types of P isotherms were elucidated by means of sorption-desorption graphs of two surface soil samples.
Introduction
The availability of soil phosphorus to plants, the contribution of eroded soil material to phosphorus loadings of waters as well as the significance of sediment in the phosphorus budget of streams and lakes can be estimated by means of solubility of phosphate. This intensity parameter reflects the easiness of removal of the nutrient from the soil to solution, whereas the capacity parameter is related to the quantity of nutrient which can be removed before the intensity parameter is lowered to a certain level.
The relationship between intensity and capacity factors is of practical importance. Phosphorus bound by soil or sediment material becomes available by desorption when the plants or algae reduce the concentration of soluble phosphate in the soil solution or water below that prevailing in the solution in equilibrium with soil or sediment.
The relationship between the intensity and capacity parameters can be studied by P isotherms of various types. After SCHOFIELD(I9SS) introduced the concept of phosphate potential, numerous investigators have studied the theoretical aspects involved and techniques of measurement as well as its application as an index of phosphate availability. The assumptions implicit in the use of phosphate potential are discussed in detail e.g. by WHITE and BECKETT (1964) . Later, the principle of determination has been applied by TAYLOR and KUNISHI (1971) (ANON. 1969) . Net adsorption or desorption was calculated on the basis of changes in the P concentrations occurred during the 24-hour equilibrium time.
Results and discussion Figure 1 shows two different sorption-desorption isotherms obtained for the soil samples studied. The lines A, and A 2 represent the removal and retention of phosphorus as a function of phosphorus in original solutions. The isotherm followed the equation y = a + bx, where y is the sorbed or desorbed P mg/kg soil and x the initial concentration of phosphorus solution (mg/1). On the basis of this line, it can be estimated how much the soil sample will retain or release phosphorus when being in contact with a solution of a given phosphorus concentration.
Extrapolation of the graph to zero addition of P (x = 0) yields the amount of phosphorus soluble in pure water. Thus, the term a in the equation, the intersecting point of the line on y-axis, describes the quantity of water soluble phosphorus (mg/kg) and theoretical maximum of desorption at the soil-solution ratio of 1 to 50. The intersecting points for the soil samples 51 and 61 are -8.4 and -5.4 mg/kg, respectively. They correspond well with the quantities of P desorbed in the water treatment (9.8 and 5.5 mg/kg) when using the soil-water ratio of 1 to 60. The intersecting point on the x-axis (y = 0) expresses the phosphorus concentration in the recipient water, where no net phosphorus exchange occurs upon addition of the soil sample to the aqueous system. This point can be termed the equilibrium bathing solution (EBS) .
The term h in the equation for the isotherm of type A (see Fig. 1 ) is the tangent of the isotherm and describes the effectiveness of the desorption or sorption. The greater it is, the more markedly the total adsorption by the sample increases with incresing P concentration in the bathing solution above the EBS. Correspondingly, below the EBS the total desorption decreases with increasing P concentration in the bathing solution the more steeply the greater the value of h is.
The isotherm of type A expresses the premises and starting state of desorption and sorption but gives no information about the P concentration in the final solution obtained when the sample is brought into equilibrium with solutions of various initial concentrations. On the contrary, the graphs B] and B 2 (see Fig. 1 The slope b of the isotherm of type B describes the ''phosphate buffer power" of the sample. The higher its value is, the greater the ability of the sample is to maintain the phosphorus intensity level against any changes in the system, i.e. the more effectively the sorption tends to decrease the P concentration in the equilibrium solution above the EPC, and, inversely, the more strongly an increase in the P concentration of the final solution is counteracted by a decrease in desorption below the EPC. As anticipated, the isotherms A and B intersect in the same point on the x-axis. This point, characteristic of a particular sample, is of great practical significance as discussed above.
The buffering curves expressing P exchange as a function of the final P concentration are used e.g. by TAYLOR and KUNISHI (1971) and BACHNICK (1977) for estimating the contribution of sediment, eroded soil and stream bank material to phosphate loadings into stream and lake waters. On the basis of these isotherms they have estimated the desorption or sorption to be expected when the sample comes into contact with a solution of a given concentration or has been brought into equilibrium with the solution of the P concentration prevailing in the recipient water. However, by adding a sample to the aqueous system, it is possible to reach this equilibrium concentration only if no net phosphate exchange takes place. It must be taken into account that, if any desorption occurs, the concentration in the solution does increase. Therefore, it is necessary first to investigate the magnitude of desorption possible under prevailing circumstances (isotherm of type A). Thereafter the equilibrium concentration corresponding to the P desorption can be estimated (isotherm of type B).
As stated above, the buffering graphs are likely to converge the y-axis. This results in that below a certain limit value (Li and L 2 in Figure 1) (HARTIKAINEN 1979) may affect the sorption and desorption of P. In order to apply the results to conditions prevailing in nature the possible dependence between the slobe h of the buffering line (isotherm B) and the soil-solution ratio effect should be studied.
